The vibrational spectra and previous normal coordinate analyses of AICI3 are reviewed. The valence force field (VFF), central force field (CFF) and Keating force field (KFF) are tested. KFF is found to be the best one of these approximations with regard to the agreement with an observed isotopic frequency. A final force field is taken from a very recent work. It confirms that KFF is superior to both CFF and KFF. The data of a Coriolis constant, mean amplitudes of vibration and the Bastiansen-Morino shrinkage effect are calculated and discussed. [7] shows that also an application to A1C1 3 is promising.
The vibrational frequencies and harmonic force constants of A1C1 3 seem now to be well established [1] , Consequently we find this molecule to be well suited for testing the applicability for a new type of internal coordinates, referred to as Keating's bending [2] , This coordinate is implied in a potential proposed by Keating [3] in the theory of lattice dynamics. In the context of molecular vibrations of isolated species Keating's bendings have been successfully applied to BF 3 [4] , the other boron trihalides [5] and S0 3 [6] , A preliminary communication [7] shows that also an application to A1C1 3 is promising.
Valence-, Central-and Keating Coordinates
Keating's bending, x [2] , involves three atoms like the ordinary (Decius') bending [8, 9] , The s vector [9] of x for a terminal atom is parallel to the opposite bond; cf. Figure 1 . For one atom the figure also shows the s vectors of R ol (perpendicular to the adjacent bond) and d, the nonbond (Urey-Bradley type [10] ) interatomic distance deviation.
A standard set of symmetry coordinates for the planar symmetrical XY 3 molecular model [11] is given in Figure 1 . These coordinates are referred to as the symmetry valence coordinates. On substituting the Decius bendings (R a's) by cfs the symmetry Reprint requests to Prof. S. Cyvin, Division of Physical Chemistry, The University of Trondheim, N-7034 Trondheim-NTH, Norwegen. 
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central coordinates [11, 12] emerge. In an analogous way we define the symmetry Keating coordinates [4, 6] by means of the Keating bendings; cf. Figure 1 . The G matrix block of species E' in terms of the standard coordinates is given by Cyvin [11] and at many other places. In terms of the symmetry centraland Keating coordinates one has C3 C 3=T/;x + /<Y=G33, G3 C 4 = -{3 1/2 //y,
Gl4=^Y
(1)
respectively. Here // x and denote as usual the inverse atomic masses of the appropriate atoms.
Let the usual force constants of the E' species be given by (f 33 
Experimental Works and Previous Normal Coordinate Analyses
The experimental works of vibrational spectroscopy are reviewed here in order to show the long way it took to establish the frequencies with confidence and to give an idea about the experimental uncertainties.
Three vibrational frequencies of A1C1 3 are found in the tables of Landolt-Börnstein [13] from 1951. They are quoted in Table 1 . However, we have not been able to locate the original sources of these data in spite of the references [14, 15] cited in LandoltBörnstein. Later research has shown these frequencies to be completely wrong. Before that they had been used in some normal coordinate analyses [16] [17] [18] [19] [20] , which of course only have historical interest today. One of these works [17] gives calculated mean amplitude of vibration [11] , In a mainly thermodynamic work published in 1951 by Heise and Wieland [21] the investigators estimated the A1C1 3 vibrational frequencies (cf. Table 1 ) from related compounds with astonishing intuition (see below). Their estimates for AJBr 3 , however, seem to be somewhat dubious when compared with later experimental evidence [22] , The first reliable observed frequencies for A1C1 3 are: v 3 from the infrared spectrum of Klemperer [23] in 1956, along with v, and v 4 from Raman spectra of [24] and 245 cm -1 [25] were proposed (cf. Table 1 ). Zasorin and Rambidi [26] employed the experimental mean amplitudes and shrinkage effect from a gas electron diffraction investigation [27] in their determination of the A1C1 3 frequencies. Their data (cf. [24] have been applied in some normal coordinate analyses [28, 29] with calculated Coriolis constants [29] , mean amplitudes [11, 28] and shrinkage effect [28] , The frequencies from Zasorin and Rambidi [26] have also been used in different vibrational analyses [30, 31] . In one of these works [30] the higher limit of v 2 (viz. 110 cm -1 ) is advocated. Revised normal coordinate analyses were later performed [32, 33] by taking into account the Raman V] frequency from Beattie and Horder [22] . Some of the authors have erroneously referred to the estimated v 3 and v 4 frequencies from Heise and Wieland [21] as spectroscopical ones [30] and even as infrared frequencies [33] ,
The three observed frequencies [22, 23] for the inplane vibrations of A1C1 3 were adopted in some normal coordinate analyses with calculations of mean amplitudes [34, 35] , as well as in a new edition of JANAF Tables [36] . In the latter work [36] the out-of-plane frequency of v 2 =185cm _1 was estimated by fitting to thermodynamical data.
The next major event in the vibrational spectroscopy of AICI3 is due to Lesiecki and Shirk [37] , who reported the infrared spectrum of matrix-isolated AICI3 in solid Ar. The report includes v 2 = 182.8 cm -1 .
Its conclusion about a pyramidal equilibrium structure for AICI3 aroused some discussion [38] [39] [40] [41] [42] , This was a short intermezzo, which ended in a general agreement about the planarity.
In the meantime a new infrared work [43] appeared, which (in addition to an observed v 3 ) estimated v 2 = 160-170 cm -1 for A1C1 3 . Also some additional infrared matrix-isolation spectra were studied: by Perov et al. [44] in a Xe matrix and Schnöckel [42] in Ne-, Ar-and N 2 matrices. In from a force-field approximation.
In a noteworthy work by Spiridonov et al. [50] the harmonic force field of A1C1 3 was determined by new techniques of interpreting gas electron diffraction data. The work contains accurate determinations of the mean amplitudes from electron diffraction at two temperatures. Recent normal coordinate analyses [51] [52] [53] have been used to calculate mean amplitudes (or mean-square amplitudes [51, 52] ) and Coriolis constants along with other molecular constants of A1C1 3 .
The most recent contribution to the vibrational spectroscopy of A1C1 3 is due to Tomita et al. [1] and Klaeboe et al. [54] , Their work includes a Raman and infrared investigation of gaseous A1C1 3 , along with a normal coordinate analysis [54] with calculated mean amplitudes. These investigators have reported an observation in infrared of v 2 = 214 cm" 1 (cf. Table 1 ). Incidentally, this value coincides almost exactly with the estimate of Heise and Wieland [21] as early as in 1951 (see above).
Calculated and observed mean amplitudes along with the shrinkage effect for A1C1 3 from literature are given in Table 2 . In Table 3 the literature data of a calculated Coriolis constant (£ 3 ) are given. The VFF, CFF and KFF Approximations
The valence force field (VFF) and central force field (CFF) approximations are well known [9, 55] . They imply F 34 = 0 and F 34 = 0, respectively, where F 34 is defined by (3) . In an analogous way the Keating force field (KFF) was defined by putting F 34 of (4) equal to zero [4, 6] , The validity of these force field approximations for A1C1 3 was investigated. Table 4 shows the force constants of the three approximations when consistent with the A1 35 C1 3 frequencies of Pong et al. [47, 48] ; cf. also Table 1 . Table 4 includes the calculated co 3 frequency of the isotopic A1 37 C1 3 (designated co*) in each case. These results may be compared with the experimental value of to* = 613.2 cm -1 [47, 48] , Hence the conclusion of this test: KFF is the best one of the three approximations, while CFF is the worst. The same conclusion was reached on the basis of the experimental data from Beattie et al. [46] ; cf. Table 1 . This feature is demonstrated by a slightly different approach in the following.
An "exact" force field for the E' species is determined by means of to 3 , co 4 and w*. Table 5 shows the results, both using the data of Pong et al. [47, 48] , and those of Beattie et al. [46] (cf. Table 1 ). The latter set was supplemented by to* = 613.3 cm -1 [46] . The conventional (F 33 , F 34 , F^) force constants were converted to Ffj and Ffj according to (3) and (4). The results are found in Table 5 . In both cases we find the relations 
This is taken as an indication that VFF is a better approximation than CFF and KFF is still better.
Final Force Field
Tomita et al. [1] determined a harmonic force field of species E' for A1C1 3 from their own infrared gas frequencies and seven isotopic shifts from the matrix-isolation spectra of Beattie et al. [46] [42] , But all these data refer to infrared spectra in an Ar matrix. The computations of Tomita et al. [1] imply that the values are appropriate for gas data too. Values in parentheses are estimated total errors (x 10 3 ). [30] made on the basis of the theory of mass influence on Coriolis constants [29] . In this analysis the experimental value C 3 ("BF 3 ) = 0.7438 [56] was employed. The application of a slightly more recent value, viz. 0.789 [57] , does not alter the conclusion. It has been used in an analysis of the mass influence on C 3 for boron trihalides [5] and results in ( 3 = 0.726 for A1 35 C1 3 .
Calculated mean amplitudes of vibration [11] for A1C1 3 are reported by Tomita et al. [1] . The results were found to be in good correspondence with the experimental data of Spiridonov et al. [50] from gas electron diffraction investigations. The BastiansenMorino shrinkage effect [11] is also of interest in modern gas electron diffraction studies. Our calculated values for A1 35 C1 3 are found in Table 6 , along with recalculated and observed [50] mean amplitudes. In these computations we have applied, in addition to the E' species force field: co x = 375 cm -1 [1] , co 2 = 214 cm" 1 [1] , R = 2.068 Ä [50] .
The final force field of A1C1 3 [1] was expressed in terms of the symmetry valence-, central-and Keating coordinates of the present definitions. The force constants of the E' species are given in Table 7 . We find the same relation (5) as above, indicating that KFF is a better approximation than either CFF or VFF.
